Non-adjacent dependencies are challenging for the language learning machinery and are acquired later than adjacent dependencies. In this transcranial magnetic stimulation (TMS) study, we show that participants successfully discriminated between grammatical and non-grammatical sequences after having implicitly acquired an artificial language with crossed non-adjacent dependencies. Subsequent to transcranial magnetic stimulation of Broca's region, discrimination was impaired compared to when a language-irrelevant control region (vertex) was stimulated. These results support the view that Broca's region is engaged in structured sequence processing and extend previous functional neuroimaging results on artificial grammar learning (AGL) in two directions: first, the results establish that Broca's region is a causal component in the processing of non-adjacent dependencies, and second, they show that implicit processing of non-adjacent dependencies engages Broca's region. Since patients with lesions in Broca's region do not always show grammatical processing difficulties, the result that Broca's region is causally linked to processing of non-adjacent dependencies is a step towards clarification of the exact nature of syntactic deficits caused by lesions or perturbation to Broca's region. Our findings are consistent with previous results and support a role for Broca's region in general structured sequence processing, rather than a specific role for the processing of hierarchically organized sentence structure.
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Introduction
An important aspect of natural language processing is related to structured sequence processing (Christiansen & Chater, 2008; Gomez & Gerken, 2000; Petersson, Forkstam, & Ingvar, 2004; Reber, 1967) . The connection between sequence-and natural language processing is most easily described within the domain of syntax. During fluent syntax processing, structured sequences of words are parsed incrementally and, when possible, immediately. This process gains robustness by prediction of syntactic features of expected words downstream in a sentence. One example is number agreement in English. Plural marking of a noun (the boys rather than the boy) predicts that the corresponding verb will be in the plural form (play rather than plays). Sometimes words which are syntactically dependent, are far apart in terms of sequential order, that is, the dependency is non-adjacent or long-distance. For example, the noun-verb pair boys-play forms a non-adjacent dependency in ''The boys in the morning group play with Susan". Multiple nonadjacent dependencies can also be found in a single sentence. For instance, in ''All the animals that I can think of are wild", the dependent noun-verb pair ''I-think" is embedded in the intervening material between the noun and verb in the pair ''animals-are". The challenge of maintaining predictions based on multiple nonadjacent dependencies makes these structures well-suited for studying the neural implementation of structured sequence processing.
Recent research has investigated different types of sentence-level dependencies and their relative processing difficulties. For instance, the computational process of syntactic unification (Hagoort, 2005; Vosse & Kempen, 2000) is more extended in time for sentences with non-adjacent compared to adjacent dependencies. This requires online processing memory, pointing to the close connection between memory resources and the processing of non-adjacent dependencies (Uddén, Ingvar, Hagoort, & Petersson, 2012) . The costs on memory and processing for non-adjacent dependencies is in line with evidence showing that these dependencies are mastered relatively late in infant development. For example, Gómez and Maye (2005) showed that while 15-month-old children were sensitive to a simple non-adjacent dependency, this was not the case for 12-month olds http://dx.doi.org/10.1016/j.cognition.2017.03.010 0010-0277/Ó 2017 Published by Elsevier B.V.
